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INTRODUCTION::

This is the final report describing the resecarch effort supported
under Task Order Contract :ASr-54(01). This research was directed
toward the research and development of rocket probe techniques to
mecasure the temperature, pressure and density of the earth's atmo-
sphere., The effort was divided into three tasks, namely:

1. DMnalysis of data from nine (9) IGY rocket flights.,

2. Collection and analysis of Pitot=-Static pressure
data from threc (3) rocket probe flights at altitudes
between 40 and 140 kilometers.

3. Collection and analysis of data from pressure gages
and an electron temperature probe in a separable

package at an altitude of approximately 250 kilometers,

The results of the three efforts will be discussed separately,

TASK I. IGY DATA
The analysis of the IGY rocket data was completed and an inter-

pretation of these results was published in the Journal of Geophysical
L

Research.
.

References:

Spencer, N, W,, Boggess, R, L., and Taeusch, D. R.,

"Seasonal Variation of Density and Temperature Over

Churchill, Canada, during Solar Maximum," J, Geophysical
Research, 69 (7), 1367-1379, April 1, 1964,
TASK II, PITOT-STATIC DLVELOPMENT

As a result of the IGY program data, described under Task I of

this report, a need was apparent for the development of an improved
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pressure measurement system to be used on sounding rockets, Lz?e

{effort under this task was directed toward such a development of a

by

S

Pitot-Static probe similar to that described by Ainsworth, Fox and
La Gow (1961); however, different in that it would utilize radio=-
active ionization gauges, rather than diaphragm gauges, for the
transducers. The radioactive ionization gauges were to be improved
versions of those described by Spencer and Boggess (1959), The
improved versions are called Densatrons, a single "black box" which
includes an ionization gauge, a multi-range linear elecﬁrometer
amplifier, and all required power conversion for gauge operation,
The result of this effort was a Pitot-Static probe design
shown in Figure 1, The probe contains three Densatron units, one
for an impact or pitot pressure measurement, one for the ambient or
static pressure measurement within a manifolded chamber with ten
orifices symetrically located about the axis of the probe, and
one for measuring the roll modulated pressure on thc side of the
tube for atmospheric wind determination., Other instrumentation
iacluded a magnetometer and optical sun-earth aspect sensor for
aspect determination, the TM transmitter and a DOVAP transponder,
Two such payloads were launched under the contract, NASA 14.19
was launched on June 6, 19623 NASA 14,20 was launched on December 1,
1962, both at Wallops Island, Va., The data from these flights are

presented in Figures 2 through 7 and tables 1 and 2.
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AMUILUT PRUSSURE, TINPERATURL, ANUD DENSITY
OVER WALLOPS ISLAND, VIRCINIA
UNIV, OF MIC:i., PITOT=GTATIC PROBL
NASA 14,19
6 Junc, 1962
23:40:00 2

Geonetric Altitude Aabient Pressure Ambient Densigz' Ambient Temperature

(iote) (m 1g) (g /m3) °x)
31 3.4¢ x 109 1,90 x 10™2 206.7
32 7,20 1.54 217.2
43 6,19 1,27 226, 4
34 » 5. 35 1,06 x 1072 234.5
35 Yo 64 8,93 x 10~3 241,2
3% 4,04 7.61 246.7
37 3452 6,50 252,90
23 3.0, 5, 59 256, 3
3y - 70 4,85 259,0
40 2,37 4,20 262.3
§1 2,39 3.66 264,7
42 1,84 3,19 267.3
43 1,62 2,78 271.0
44 1o 43 2,43 273.9
45 1.26 2.14 274.6
46 1.12 x 109 1,90 272.5
47 y.50 x 1071 1.68 272.5,
48 8,71 1.49 271.4
49 7.69 1,32 270.6
50 6.79 1.18 267,2
51 5400 1.04 x 10~3 267.3
52 5,28 9,26 x 10~4¢ 264,7
. 53 4,04 8,27 260.6
54 4,07 , 7.33 257.8
55 3,57 6.47 ‘ 256.1
56 3,12 5,71 . 254,3
57 207‘1 5.01 25307
58 2.40 4,42 251,.8
59 2.10 3. 89 250, 1
60 1.23 3,42 248.8
61 1,60 3,00 248.2
62 1,40 2,68 242,3
63 1,22 2.36 239,.5
64 1.06 x 1o~! 2,09 , 234.9
65 9,16 x 10~2 1.85 229,.8
66 7.91 1.62 : 226.7
67 6,81 x 102 1.42 x 19~4 222.8
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NASA 14,19 Continued

Geonetric Altitude Aambient irossure arpient Density  Auwbiont Temperaturc
(Km, ) (mm i'q) (kg /13) (°)
68 5.85 x 1072 1.25 x 10-4 217.3
69 5499 1,10 x 10”3 210.8
70 4.24 9.59 x 1lu™° 205,46
71 3,59 3.34 20041
72 3,04 7,20 135,39
73 2,56 617 192.4
74 2,14 5431 187,5
75 1.79 4.49 13543
76 1.50 3.71 187.2
77 1,27 , 3.04 _ 194, 6
78 1,07 % 107< 2,57 193,7
79 9,01 x 10~3 2.20 190,2
80 7455 1.88 198,46
31 6430 1.60 18340
82 5425 1,34 _ 182,0
23 4,38 1.12 x 10°° 181, 4
34 3.64 9,29 x 10-6 182,1
85 3.04 7.72 182,8
86 2.53 6,50 180, 8
87 2,10 5,51 176.8
38 1.73 4,69 171.4
g9 1.42 3.94 16649
90 1.16 x 10~3 3,32 1619
91 9,35 =« 10~4 2.75 15749
92 T30 2.26 155.4

93 Ge Y 1.85 6 152.9
94 4.38 x 10°4 1.49 x 107 15240

“x—




(Kg/m>)

Density

| | | I

DENSITY vs. ALTITUDE

Wallops Is., Va. (37°50'N)

NASA 1419 UA
° b Jyune 1902

23:40:00 Z

13:40:00 Local

— 1962 US Standard

Atmosphere

| | 1 |

il

20

40 60 80 100
Geometric Altitude (Km)

e

120




‘Preséure (Torr)

I | ! T

' *PRESSURE vs. ALTITUDE

NASA 14.19 UA
° 6 June 1962
23:40:00 Z
18:40:00 Local
— 1962 US Standard
Atmosphere

Wallops Is., Va. (37°50")

| |
40 60 80 100

Geometric Altitude (Km)

|
120




120 T T T l T T |
TEMPERATURE vs. ALTITUDE
1O+
100+ Wallops Is, Va. (37°50"
o NASA 1419 UA
° ° 6 June 1962
90 e, 23:40:002Z
. ° % 1 8:40:00Local
0 ___ 1962 US Standard
c | Atmosphere
X80
D
=
§TO~
5
S0
()]
O
50}
40
30
20 L | i | | | ]

160 180 200 220 240 260 280
Temperature (°K )




AMBIENT PRESSURE, TEMPERATURE, AND DENSITY
OVER WALLOPS ISLAND, VIRCINIA
UNIV, OF “ICH,., PITOT=STATIC TROD}.
NASA 14,20
1 bec., 1962

20:34:00 2

Geometric Altitude Ambient Pressure Ambient Densitx Ambient Tempcrature

(Km, ) (rm Hqg) (Kq/m) (°K)

33 4.53 x 100 1.05 x 10~2 200.5
34 3.34 ) 8.45 % 10~3 211,90
35 3.31 L 6.24 24645
36 2.90 . 5423 257.3
37 2.54 / 4,81 244.3
38 2.20 i 4,41 231.7
39 1.90 ' 3.84 225.7
40 l.b4 3.29 23104
41 1,42 2,78 237.1
42 1.23 0 2.34 244,7
43 1,03 x 10_, 1.93 2599
44 9,50 x 1V 1.64 269.1
45 8439 1.43 272.6
46 7.41 1.27 270,39
47 654 1.13 268.7
48 5.76 1,01 x 1073 265,0
49 5,07 9,03 x 10-4 200.8
50 4,45 8,00 258,5
51 3.91 7.02 258.7
52 3.43 6,11 201.0
53 3.02 5,28 26543
54 2,66 4,59 268.3
55 2.35 4,03 27044
56 2.07 3,54 271.7
57 1.83 3.13 271.2
58 1.62 2.77 271,
59 1.42 2.49 26548
60 1.25 2.21 26346
61 1,10 x 19-1 1.97 260, 1
62 9,68 x 1072 1.75 25740
63 8450 1.54 256.3
64 7.46 1,36 254,8
65 6e53 1.22 248,7
66 5071 1.08 x 1074 245,5
67 4.33 9.50 x 10732 243,6

68 4.34 x 102 8,23 x 10~ 245.2
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dash 14,20 Continued

Goometric Altitudu

amnblient T'ressure

Anwient Density

Ambient Temperaturc

(i, ) (ren lqg) (Z((!/iu3) (°K)
69 3,80 x 1072 7.11 x 1077 247,9
70 332 612 251,9
71 2,91 5435 2522
72 2.54 4467 253,U
73 2.23 4,09 253,90
74 1495 3.61 25144
75 1.71 3,22 24644
76 1. 4Y 2,92 23C.4
77 1e25 2,61 228.5
78 1,11 x 102 2.28 226.3
79 9,59 x 10~3 1,95 22%,4
80 8429 1.67 23044
81 7.18 1.42 234,8
82 (.24 1,20 _ 2416
83 5,45 1,03 x 1u™2 245,6
g4 4476 8.88 x 10~° 249,1
85 4,17 7.81 248,1
86 3,64 Ge 89 245,7
87 3,18 6,07 243,1
883 2,76 5,37 23542
89 2,41 de73 23643
90 2,09 1,16 233,0
91 1,81 3,67 228,8
92 1.56 3,22 225.6
93 1.35 2,84 220,5
94 lele x 1073 2,49 216,0
95 y.uz x 10”4 2,17 212.4
96 3. 4R 1.86 211.9
97 7e 20 1.60 210.6
93 618 1,37 209,7
99 5¢20 1.17 ) 208,9
100 4449 1,00 x 107° 208,.4
101 3.82 8.54 x 10~ 208, 0
102 3.26 7.33 2066
103 2.78 6.21 207.8
104 2.37 5,19 212.5
105 2,04 4.33 218.3
106 1.75 3.60 226,2
107 1.51 » 10-4 3,09 x 10”7 227.6
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TASK III, 13" SIPIUERD DXPORINDHT

The Space Physics Pescarch Laboratory has been engaged in the
development of an ejectable sclf-contained parleocad to neasurc the
physical paramcters of Loth the ncutral and charged particles in
the upper atmosphere since the late 50's, Larly support for this
project was received from both the Arny Signal Corps and the Zallistic

.

Research Laboratory. After the formation of UL3A, strong support for
the continuation of this program was rcceived through contract AGr-
54(01).

The purpose of this report is to describe the work done on this
project under contract NASr-54(01). The developnental werk leading
to the flight payload was described in detail in an earlier reportl.
The payload was a 13 inch stainless steel sphere carrying the following
experiments:

1., Two Bayard-Alpert ionization gauges to measure the total
density of the atmosphere.

2, An omegatron mass spectromecter tuned to molecular nitro-
gen to measure the I, concentration and temperature.

3. A cylindrical Langruir probe fcr the measurement of
clectron density and temperaturec, as well as the equili-
brium potential of the sphere,

4., 1M simple ion trap experiment to study the density and
energy distribution of the ambient ions,

A detailed discussion of these experiments along with the circuit dia-
grams of the supporting electronics was given in the referenced regort,
The standard Aerobee nose cone was modified - as shown in Figure 8 -

to carry the payload under vacuum to a pre-established altitude and then

eject it with a slow spin,
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7ie launching of Acrohbee IAGA 4,18 took place on ilarch 17, 1962,
Duc tc the premature closing of a G-reduction switch in thie rocket
despin systen, the flouv of fuel to the Acrobee rmotor was terminated
about 10 seconds before normal burnout time, This resulted in a
peak altitude of only about 48 miles. The nose cone opening and
payload ejection took place in the planned manner; however, nonc of
the experiments could operate in a meaningful manner at these low
altitudes.,
Despite the fact that no geophysical data were obtained from
this flight, a great deal was learned from this project; resulting
in the highly successful TP experiments - Coddard Space Flight Center
Contract :lo. NAS5-9113 - which are, in effect, sccond generation
"13 inch spheres".
References:
Nagy, A. ., Spencer, U, ,, iiemann, II, 3,, Carignan, G, R,,
"Measurements of Atmospheric Pressure, Temperature, and
Density at Very High Altitudes", University ol Michigan

Scientific Report 02804-7-4, August 1961,
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